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(54) Method of encapsulating a sensor into a panel body 



(57) A flexible sensor, such as a membrane switch 
(14), is molded into a plastics automotive panel by a low 
temperature, low pressure, method which avoids dam- 
age to the switch while insuring its placement at a de- 
sired depth below the surface of the panel. This is 
achieved by a process which includes a first step of 



spraying a mold (10) with a rapid gelling liquid plastics 
(12) to a preselected thickness. After the plastics has 
firmed, the sensor (14) is placed thereon and is encap- 
sulated by spraying with a second layer (1 8) of the plas- 
tics. The resulting shell with the embedded sensor may 
then be provided with a backing, such as a plastics 
foam. 
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Description 

This invention relates to the encapsulation of a flex- 
ible sensor into a plastic panel. More particularly, it per- 
tains to the manufacture of a plastic panel, such as an 
airbag cover for a vehicular instrument panel, having 
embedded therein a flexible sensor, such as a mem- 
brane switch. 

It is a common practice to provide plastic automo- 
tive panels, such as driver's side airbag panel covers, 
which incorporate switches such as horn switches or 
function keys. Membrane switches are often employed 
for these applications. 

Membrane switches are well known in the art. A 
membrane switch comprises a pair of slightly spaced 
conductive plates. At least one of the plates is resilient 
to form a manually operable member. When pressed, it 
bends to make contact with the other plate thereby clos- 
ing a circuit. It is a common practice to apply such a 
switch to the inner surface of a steering wheel airbag 
cover. The switch is further supported and isolated by a 
"backer" which is a stiff thick or ribbed piece of plastic 
mounted behind the switch. The backer lies against the 
folded airbag to provide a uniform horn activation force. 

There are a number of problems connected with this 
prior art method of installing switches. One problem is 
an increase in airbag module weight as a result of the 
need for a switch backing. Some installations employ a 
double airbag cover in the form of inner and outer covers 
with the switch therebetween, increasing complexity 
and cost. If the switch and backer are attached to the 
back of the airbag module door, the increased weight of 
the door makes it more difficult to keep it attached to the 
module during airbag deployment. Another problem is 
that the plastic airbag cover is susceptible to cold stiff- 
ening. In cold weather this results in poor tactile feed- 
back and more difficulty in honking the horn. Typically, 
these switches are not molded into the cover because 
the molding temperatures and pressures are excessive 
and can cause the switches to deform or become inop- 
erative. 

Some prior art solutions to these problems have in- 
cluded pockets formed in the cover into which the switch 
may be inserted. However, this increases the cost and 
the labour required. In the case of instrument panels, 
switches are normally separate assemblies. This re- 
quires openings in the panel to house the switches. The 
resulting cracks surrounding each switch are dust col- 
lectors. Accordingly, it would be desirable to mold 
switches into the panel so the foregoing problems could 
be avoided. 

In addition to switch damage, another problem aris- 
es when it is attempted to mold a membrane switch into 
a panel. This is the difficulty of maintaining a switch at 
the proper position within the panel during the molding 
process. Because of problems such as the cold stiffen- 
ing referred to above, it is important to position the 
switch at a minimal depth below the surface of the plastic 



panel in order to achieve the desired tactile feedback. 

Accordingly, it is a primary object of the present in- 
vention to provide an improved method for molding a 
flexible sensor, such as a membrane switch, into the 
s body of a plastic automotive panel. Other objects, fea- 
tures, and advantages will become apparent from the 
following description and appended claims. 

In the method of this invention, the mold is first 
sprayed with a liquid plastic which cures and gels to a 
resiliently solid condition at low temperature and pres- 
sure. This first spraying step is controlled to form an in- 
itial layer of a desired thickness. The membrane switch 
is then positioned on this initial layer. Thereafter the 
plastic material is again applied so as to encapsulate 
the switch, after curing, into a hardened resilient shell. 
A foamed plastic may be applied to the shell to form the 
basic bulk of the final panel. 

FIG. 1 is a cross-section illustrating the initial steps 
in the practice of the invention; 
FIG. 2 is a view similar to FIG. 1 illustrating a further 
step in the practice of the invention; and 
FIG. 3 illustrates a portion of the panel following re- 
moval from the mold and filling with a backing ma- 
terial. 

FIG. 1 illustrates a portion of a mold 10. The mold 
defines a cavity onto which is deposited a first layer 1 2 
of a plastic material in liquid form. The plastic of first lay- 
er 12 has a relatively rapid, low temperature, cure rate. 
When it has become substantially solid, a flexible sen- 
sor, such as a membrane switch 14 is positioned upon 
the surface of the first layer 12. The leads 16a, 16b of 
the switch extend outwardly in any desired manner for 
eventual connection to an external circuit. If desired or 
necessary an adhesive may be employed between the 
membrane switch 14 and the first layer 12. Thereafter, 
a second layer 18 of the same, or a different, plastic in 
liquid form and having similar characteristics to that of 
the first layer is applied to encapsulate and enclose the 
membrane switch 14. 

In accordance with this invention the gellable liquid 
plastic formulation is preferably a gellable polyurethane 
formulation. The process of forming a gellified poly- 
urethane on the surface of a mold cavity is generally 
known in the art. One example of such a process is de- 
scribed in U.S. Patent 5,071 ,683 of J. Verwilst et al. Any 
suitable sprayable polyurethane reaction mixture capa- 
ble of forming the desired gellified polyurethane on the 
mold surface may be employed in the process of this 
invention. Any suitable polyester or polyether polyols, 
low molecular weight polyfunctional chain extenders 
and cross-linking agents such as diols, triols, diamines 
and the like, and polyisocyanates may be employed. As 
examples of suitable reactants there may be mentioned 
Voranol polyether polyols available from Dow Chemical 
Company, butanediol or trimethylolpropane as chain ex- 
tenders and cross-linking agents and hexamethylene di- 
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isocyanate (HMDI) available from Bayer Company as 
Desmodur W polyisocyanate. Reference may be made 
to the aforementioned U.S. Patent 5,071, 683 for further 
examples of the process and suitable formulations for 
use as the process of obtaining a gellified polyurethane 
on the mold surface. 

When fully cured, the composite shell comprising 
first layer 12, second layer 18, and the encapsulated 
membrane switch 14 may be removed from the mold. 
Thereafter, or even with the shell remaining in the mold, 
a back foaming process is employed to supply the bulk 
desired in the final panel. FIG. 3 illustrates a portion of 
the shell formed from the two layers 12, 18 as removed 
from the mold and provided with a backing in the form 
of a foamed body 20. 

Example 

A heated nickel mold is sprayed with a mold re- 
lease. Thereafter, a suitable polyurethane reaction mix- 
ture of Voranol 41 0 and Voranol 481 5 polyether polyols, 
1 ,4-butanediol chain extenders, trimethylolpropane 
cross-linking agent, Dabco 33LV triethy lenediamine cat- 
alyst and Desmodur W hexamethylenediisocyanate in 
liquid form is sprayed onto the mold to a depth of 
0.1 -2mm, depending upon the desired depth of the 
membrane switch from the outer surface of the panel. 
Temperature is maintained at approximately 60°C and 
the polyurethane gels in two to three seconds. Thereaf- 
ter, the membrane switch is positioned on the first layer 
and in the desired location. A second layer of the liquid 
polyurethane reaction mixture is then sprayed onto the 
first layerand over the membrane switch. This layer may 
be approximately as thick as the first, i.e., 0.1 -2mm. The 
result of using a spray process, requiring no high pres- 
sure, and a curing temperature no greater than 100°C, 
is absence of damage to the membrane switch. 

The resulting shell maybe back foamed either while 
still in the mold or after removal from the mold. Back 
foaming is done at the same low temperatures as spray- 
ing to prevent damage to the switches. Both back foam- 
ing and the spray urethane process are well known in 
the art. The latter is more fully described in SAE Tech- 
nical Paper 950442 of Thomas W. Karwan, Richard 
Long, and Gerret M. Peters, Jr., entitled "A Production 
Proven Polyurethane Skin Technology for Interior Trim 
Parts." 



Claims 

1 . A method of encapsulating a flexible sensor having 
a manually operable member into the body of a ve- 
hicular panel having a resilient surface which com- 
prises: 

providing a mold (10) having a molding surface 
of a desired contour; 



spraying onto said molding surface, to a thick- 
ness of from 0.1 to 2 mm, a first layer (12) of a 
gellable liquid plastic forming material; 
curing said first layer to a resiliently solid con : 

5 dition at a temperature no greater than 100°C; 

positioning said flexible sensor (1 4) on said first 
layer with said manually operable member in 
contact with said first layer; 
spraying over said first layer and said switch a 

io second layer (1 8) of a curable liquid plastic ma- 

terial; 

curing said second layer at a temperature no 
greater than 1 00°C to form, with said first layer, 
a resilient shell with said flexible switch embed- 
15 ded therein; and 

removing said resilient shell from said mold. 

2. A method according to claim 1 including the addi- 
tional steps of: 

20 

applying to said resilient shell a curable foam 
backing material (20); 

curing said backing material at substantially at- 
mospheric pressure to form a composite panel 
25 jn the form of a foam backed resilient shell with 

said sensor embedded therein and manually 
actuatable through said first layer. 

3. A method according to claim 2 wherein said addi- 
30 tional steps are performed prior to removing said 

shell from said mold (10). 

4. A method according to any preceding claim wherein 
said first layer (12) is polyurethane. 

35 

5. A method according to any preceding claim wherein 
said second layer (18) is polyurethane. 

6. A method according to any preceding I claim wherein 
40 said second layer (1 8) is sprayed to a thickness of 

0.1 to 2 mm. 

7. A plastics panel having a flexible sensor with a man- 
ually operable member embedded therein which 

45 comprises: 

a first layer (12) of resilient plastics material; 
a second layer (1 8) of plastics material, forming 
with said first layer a boundary therebetween; 
50 and 

a flexible sensor (14) having a manually oper- 
able member positioned within said boundary 
with said manually operable member adjacent 
said first layer. 

55 

8. A panel according to claim 7 wherein said first layer 
(12) is polyurethane. 
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9. A panel according to claim 7 or claim 8 wherein said 
second layer (18) is polyurethane. 

10. A panel according to any one of claims 7 to 9 com- 
prising a third layer of a plastics material on said s 
second layer (18). 

11. A panel according to any one of claims 7 to 10 
wherein said sensor (14) is a membrane switch. 

10 
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